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Genetic variability of growth and wood chemical properties in a clonal 
population of Eucalyptus urophylla × Eucalyptus grandis in the Congo
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Thirty-four Eucalyptus urophylla × Eucalyptus grandis hybrids were evaluated with a view to selecting for improved 
growth and wood-quality traits for plantations in the Congo. Height, circumference at breast height and volume were 
measured at 12, 27, 37, 49 and 60 months. Lignin content, the syringyl/guaiacyl ratio and total extractives content 
were predicted by near-infrared spectroscopy using wood powder samples collected from trees at breast height. 
While wood chemical properties were stable and under strong genetic control, growth traits were not. The genetic 
correlation between lignin content and growth was weak and negative, whereas the environmental correlation was 
also weak but positive. The genetic improvement of E. urophylla × E. grandis clones, based on growth features, leads 
to a limited decrease in lignin content and syringyl content and to a limited increase in extractives content.
Keywords: genetic and environmental correlations, genetic gain, NIRS
Introduction
Southern Forests is co-published by NISC (Pty) Ltd and Informa UK Limited (trading as Taylor & Francis Group)
The eucalypt plantations introduced in the Congo were 
initially intended to produce heating wood for the Congo–
Ocean railway. This plan was very quickly changed, with 
the plantations being managed for paper pulp produc-
tion. Wood pulp production is primarily ensured by the 
artificial hybrid Eucalyptus urophylla × Eucalyptus grandis. 
Since the 1990s, the Eucalyptus genetic improvement 
programme in the Congo has been based on reciprocal 
recurrent selection, with the focus on growth traits, in order 
to maximise silvicultural yield (Vigneron 1991). In addition 
to volume, the paper industry places emphasis on wood 
quality. To meet this need, the breeder must consider multi-
trait selection. Tree breeding is giving increasing attention 
to wood properties in order to better fit the requirements of 
sawlog, pulp and paper industries (Lepoittevin et al. 2011). 
Taking into account new traits, such as wood quality, in 
a breeding programme requires knowledge about their 
phenotypic and genetic variability, their genetic control and 
their relationship with growth traits (Malan 1988; Zhang et 
al. 2003; Apiolaza et al. 2005; Botrel et al. 2010; Stackpole 
et al. 2010, 2011; Ma et al. 2015). Both growth and wood 
properties must be evaluated. Multi-trait selection for growth 
and wood-quality traits will lead to more productive popula-
tions of eucalypts with improved productivity and improved 
wood quality (Hung et al. 2015).
The genetic gain in biomass production (around 50%) 
in the first cycle of recurrent selection suggests a certain 
potential for the future (Vigneron et al. 2006). One of the 
prospects considered is to refine the choice of clones for 
selection by adding new selection criteria to the breeding 
programme, such as wood chemical properties. Wood 
properties need to be studied in tandem with growth traits, 
so as to assess the potential for improvement of each type 
of character and to check how indirect selection for growth 
affects wood quality (Gapare et al. 2009; Kennedy et al. 
2013; Chauhan and Kumar 2014; Ratcliffe et al. 2014). 
However, while growth traits are easy to measure, this is 
not the case for wood chemical proprieties. The conven-
tional ways of determining wood chemical properties, such 
as cellulose and lignin content, are relatively expensive 
and generally require destructive sampling. Near-infrared 
spectroscopy (NIRS) is an alternative method that is highly 
cost-effective, quick and non-destructive. Using NIRS, the 
estimation of physical and chemical proprieties, including 
basal density, lignin and cellulose content, the syringyl/
guaiacyl ratio and extractives content, is now possible for 
a large number of samples (Bailleres et al. 2002; Schimleck 
et al. 2003). Without this approach, it is not easy to 
integrate wood qualities into the selection process.
This article jointly assesses the potential to improve 
the growth and wood quality of Eucalyptus clones. The 
objectives were to (1) estimate variance components 
and their ratio for growth and wood quality, (2) determine 
genetic, environmental and phenotypic correlations 
between growth and wood quality, and (3) estimate direct 
and indirect genetic gain on target traits depending on 
selection intensity and predictor traits.
Materials and methods
Plant material and trial
Wood samples were collected from a 60-month-old 
E. urophylla × E. grandis clonal test at the Kissoko station, 
in the south of the Congo. The geographical coordinates, 
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edaphic and climatic characterisation of the field trial 
site were as follows: latitude 4–5° S, longitude 11°30′–
12° E; altitude between 0 and 25 m; mean annual rainfall 
1 200 mm; daily temperature around 25–26 °C in the 
rainy season (from October to May) and around 22–23 °C 
in the dry season (from June to September) (Jamet and 
Rieffel 1976); the soil belonged to the ferralitic class, highly 
desaturated in bases (Nzila 2001); and the natural vegeta-
tion was dominated by savanna (Loumeto and Huttel 1997). 
The clonal test consisted of 34 clones planted in 16-tree 
plots at a spacing of 3.75 m × 3.33 m in a randomised 
complete block experimental design with three replicates. 
Two plots in the first replicate were eliminated from the 
analysis because of their higher degree of mortality 
attributed to unknown environmental causes.
Wood sawdust samples were harvested using an electric 
drill from the 10 trees with the largest circumference in each 
plot, resulting in a total of 34 clones × three replicates × 
10 trees. However, when taking mortality into account, the 
number of tree samples was 1 048. 
Measurements
Growth traits, including tree height (Ht) and circumference 
at breast height (C), were measured at 12, 27, 37, 49 
and 60 months. Using an electric drill, sawdust samples 
(10–40 mm of granulometry) were taken 1.30 m from the 
ground on the selected trees. The individual volume was 
determined for each age following the cone volume formula, 
which has a very high correlation with the stem profile 
calculation method (Gomat et al. 2007):
Vol = G × Ht × 0.45
where Vol is the individual volume (m3), Ht is the tree height 
(m), 0.45 is the form coefficient, the basal area G = C2/4/π, 
and C is the circumference at breast height (cm).
Chemical properties, including lignin content (lignin), 
the syringyl/guaiacyl ratio (S/G) and extractives content 
(Ext), were studied. These traits were predicted by NIRS in 
diffuse reflectance from spectra measured on the sawdust 
samples reduced to powder. Prior to NIRS measurements, 
the sawdust samples were dried in an air-conditioned room 
(23 °C). After this post-harvest treatment, the sawdust 
samples were ground using a 4 mm grid to obtain a fine 
powder with a particle size ranging between 0.5 and 4 mm. 
The powders were placed under a stabilised condition 
(air-conditioned room at 22 °C) to stabilise the powder 
sample moisture content at 12%. Spectral acquisition data 
were processed using a Fourier transform infrared spectro-
scopy (FTIR) spectrometer (Bruker vector 22/N model) 
and Opus software version 5.5. For chemical predictions, 
existing NIR models of multispecies eucalyptus were used 
which include samples from this study (Denis et al. 2013). 
Analyses
Analyses were carried out using SAS software (SAS 
Institute 1990).
Analysis of variance (ANOVA) of growth traits and wood 
chemical properties was done with the following mixed model:
y = µ + XB + ZC + ZB×C + e
where y is a vector of phenotypic observations, µ is the 
overall trial mean, X and Z are the incidence matrices 
connecting the fixed and random effects to the data, B is 
the vector of fixed effects due to the blocks, C ~ N(0,σ2C) is 
the clone random effect, B×C ~ N(0,σ2B×C) is the effect due to 
the interaction between clone and replicate, and e ~ N(0,σ2e) 
is the vector of residual effects. The ANOVA was carried 
out using individual data and the GLM procedure of SAS 
was used. Genetic variance components were estimated 
by a mixed procedure. Clone (CVC), clone × replicate 
interaction (CVB×C) and residual (CVe) coefficients of 
variation were calculated by the following formulas:  
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where σC, σB×C and σe are the standard deviation of the 
clone, clone × replicate interaction and the residual, and µ is 
the mean of the considered trait.
Broad-sense heritability was determined by th  following 
formula:
µ
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where σ2C, σ2B×C and σ2e are clone, clone × replicate and 
residual variances, b is the number of replicates, and n is 
the number of trees in the plot.
The IML procedure of SAS was used to carry out these 
analyses.
Genetic and environmental correlations between growth 
traits and chemical properties were calculated as follows:
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where CovG(x,y) and Cove(x,y) are genetic and environmental 
covariances between the x and y variables, respectively, 
and σx and σy are standard deviation products (genetic and 
environmental) of the x and y variables, respectively. 
Phenotypic correlations between growth characters and 
chemical properties were calculated as follows (Falconer 
1974; Gallais 1990): 
rP(x,y) = Hx × Hy × rG(x,y) + (1 – Hx)(1 – Hy) × re(x,y)
where Hx and Hy are the square roots of the heritability of 
both the traits to be correlated.
Variance-covariance matrices were obtained using the 
GLM MANOVA procedure of SAS software.
The expected genetic gain from selection was estimated 
according to three selection rates: 2%, 10% and 20%. Two 
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eventualities were taken into account; the first eventuality, 
when selection was direct:
∆G = i × H 2 × σP
where ∆G is the genetic gain of the targeted property, i is 
the standardised selection differential, H 2 is the broad-
sense heritability of the targeted trait, and σP is the standard 
deviation of the phenotypic values.
The second eventuality, when selection was indirect:
∆G = i × Hx × Hy × rGxy × σPx
where ∆G is the genetic gain of the targeted property, i is 
the standardised selection differential, Hx is the square 
root heritability of the targeted trait, Hy is the square root 
heritability of the predictor trait, rGxy is the genetic correla-
tion between the targeted and predictor traits, and σPx is the 
phenotypic standard deviation of the targeted trait.
Results
Descriptive statistics and variance components
The descriptive statistics and analysis of variance for all the 
traits are given in Table 1. Significant clone, replicate and 
clone × replicate effects were observed for growth traits and 
wood chemical properties, except for the clone effect on the 
extractives content, which was not significant. The clone × 
replicate interaction effect was always significant. Genotype 
× environment interaction was reflected in changes of scale 
and ranking changes.
Phenotypic variance was partitioned into total genetic 
variance (clone variance; σ2C), clone × replicate interaction 
variance (σ2B×C) and purely environmental residual variance 
(within-plot variance; σ2e). For growth traits, the three 
variances increased in line with clone age. Residual variance 
was increasingly stronger than the other two variances for 
all of the growth traits. The residual variance was greater 
for circumference and volume than for height (Figure 1). 
Compared with growth trait variances, the variances 
observed for chemical properties were very weak (Table 2).
Heritability and coefficients of variation
The broad-sense heritability of growth traits increased in 
line with clone age and tended to stabilise between 49 and 
60 months (Figure 2). The genetic control of chemical 
properties was greater than for growth traits. Among growth 
traits, height was more heritable than circumference and 
volume.
The coefficients of variation decreased with age. Residual 
variabilities, which were purely environmental here, were 
stronger for circumference and volume than for height 
(Figure 3). Like the variance components, the coefficients 
of variation for predicted chemical properties were lower 
than those observed for growth characters (Table 2). We 
observed greater stability of chemical properties compared 
Trait Mean Minimum Maximum CV (%)
Pr > F
Clone Replicate Clone × Replicate
Ht (m) 22 4.1 31.6 22.5 0.0001 0.0001 0.0001
C (cm) 42 8 71 26.4 0.0083 0.0001 0.0001
Vol (m3) 0.163 0.003 0.496 59 0.0023 0.0001 0.0001
Lignin (%) 27 24 30.4 2.2 0.0001 0.0001 0.0001
S/G 2.77 1.28 4.20 9 0.0001 0.0001 0.0001
Ext (%) 3.6 1.85 7.25 18 0.2858 0.0001 0.0001
Table 1: Descriptive statistics and analysis of variance for the studied traits at 60 months for Eucalyptus clones. Ht = height, 
C = circumference, Vol = bole volume, Lignin = lignin content, S/G = syringyl/guaiacyl ratio, Ext = total extractives
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Figure 1: Clone (σ2C), interaction (σ2B×C) and residual (σ2e) variance trends in line with age for height, circumference and volume for 
Eucalyptus clones at 60 months old
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with growth characters. However, it should be noted that 
of the chemical traits studied, lignin content displayed the 
lowest coefficient of variation, suggesting greater stability of 
this property compared with the others.
Correlations
Genetic and environmental correlations were strong 
between growth traits (Table 3). The genetic ability for 
growth simultaneously supported height and circumference 
(ρG = 0.68). Indeed, both traits were affected by the same 
environmental specificity (ρe = 0.90). Phenotypic correla-
tions (ρP) between growth traits ranged from 0.45 to 0.60 
(Table 3).
Lignin content and the S/G ratio were negatively and signifi-
cantly correlated (ρG = −0.27). The high lignin content induced 
a large guaiacyl content and a small syringyl content.
The genetic and phenotypic correlations between growth 
traits and lignin or the S/G ratio were weak and negative 
(Table 3). Faster-growing trees had less lignin than more 
slowly growing trees. However, these clones had better 
growth and a weak S/G ratio, hence a large guaiacyl content. 
The environmental correlation between growth and lignin 
was significant, positive and moderate (ρe = 0.33 to 0.41). 
The genetic correlation between growth and extractives 
content was weak (ρG = 0.22 to 0.28). The environmental 
(ρe = 0.06 to 0.13) and phenotypic (ρP = 0.16 to 0.18) correla-
tions were positive and very weak. Rapid growth led to a 
moderate increase in the extractives content. 
Genetic gain
Genetic gains by direct selection on the target trait were 
calculated according to three standardised selection 
differentials. Genetic gain increased in line with selection 
intensity (Table 4). Selection for volume gave estimated 
gains of around 36% for a 20% selection rate. That gain 
was duplicated at a 2% selection rate. Selection for lignin 
gave a weak gain, while selection for the extractives content 
and the S/G ratio gave considerable gains (Table 4). As 
for direct selection, the genetic gains on the target traits 
by indirect selection of predictor traits were calculated 
by choosing three standardised selection differentials. 
The gains followed the same trend, i.e. an increase with 
selection intensity. Selection for volume at 27 months 
induced a decrease of 0.2%, 0.3% and 0.4% in lignin 
content at 60 months for selection rates of 20%, 10% and 
2%, respectively (Table 4). This improvement plan based 
on growth traits also involved a decrease in syringyl content 
and a slight increase in extractives content.
Discussion
Variance and heritability trends
For growth traits, all variance components increased with 
clone age. This result was expected, as it is commonly 
observed in E. urophylla × E. grandis progeny tests set 
up in the Congo (Bouvet and Vigneron 1996; Bouvet et al. 
2003, 2009a, 2009b). The variance trends observed can 
be partly explained by the silvicultural model established 
by Franklin (1979). He suggested three phases to explain 
variance trends with age. The first phase corresponds to a 
slight increase in variances induced by micro-environment 
capture (establishment of the root system) after planting 
and gradual crown closure. This slight increase is 
also caused by a nursery effect. The second phase 
corresponds to a marked increase in variances then their 
stabilisation. In this study the rapid increase in variances 
was observed after 40 months, induced by the very 
rapid growth of Eucalyptus. The third phase corresponds 
to a decrease in variances. The stabilisation and the 
marked decrease in variances were not observed in this 
study. However, an older study conducted by Bouvet et 
al. (2009a) with 150-month-old Eucalyptus clones did 
not show any decrease in variance, but rather relative 
stability over time.
Like variance, the broad-sense heritability of growth 
traits increased with clone age and tended to stabilise 
from 40 months onwards. Similar trends were observed 
0.1
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Ht
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Vol
Lignin
Ext
S/G
AGE (months)
H
²
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Trait σ2C σ2B×C σ2e CVC CVBxC CVe
Ht 3.47 3.33 6.02 7.6 5.1 15.1
C 5.67 11.87 45.24 7.5 7.3 17.5
Vol 9.50 12.74 49.65 10.1 14.4 34.5
Lignin 0.60 0.11 0.36 3.0 1.0 2.0
S/G 0.15 0.07 0.41 11.0 7.0 18.0
Ext 0.13 0.01 0.06 13.0 4.0 9.0
Table 2: Clone (σ²C), block × clone interaction (σ²B×C) and residual (σ2e) variances and coefficients (%) of variation for clone (CVC), block × 
clone interaction (CVB×C) and residual (CVe) for growth and chemical wood proprieties at 60 months for Eucalyptus clones. Ht = height, 
C = circumference, Vol = bole volume, Lignin = lignin content, S/G = syringyl/guaiacyl ratio, Ext = total extractives
Figure 2: Heritability (H 2) trend for growth traits and representation 
of wood chemical properties for Eucalyptus clones at 60 months old
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with Pinus contorta (Xie and Ying 1996), Pinus pinaster 
(Kusnadar et al. 1998), E. grandis (Osorio et al. 2001), and 
E. urophylla (Ignacio-Sánchez et al. 2005). Height is more 
heritable than circumference and volume. In fact, height is 
less affected by environmental effects than circumference 
and volume (Bouvet and Vigneron 1996; Botrel et al. 2010).
The genetic control of chemical properties at 60 months 
was greater compared to growth characters. This result is 
consistent with previous studies on various species (Yu et 
al. 2001; Atwood et al. 2002; Vigneron et al. 2004; Apiolaza 
et al. 2005; Tolfo et al. 2005; Poke et al. 2006; Ukrainetz 
et al. 2008; Stackpole et al. 2011; Hein et al. 2012; Hung 
et al. 2016). The limited environmental influence on wood 
chemical properties explains this result (Chaix et al. 2011). 
Hence, wood chemical properties mostly depend on genetic 
effects and could be used in tree selection and breeding 
programmes to improve wood quality.
Variability in genetic and environmental effects
The general trend of the genetic coefficients of variation 
for growth traits showed a decrease in line with clone age. 
Johnson and Gartner (2006) reported similar results for 
height in Douglas-fir families. Volker et al. (2008) also found 
a decrease in the genetic coefficient of variation with age 
in E. globulus for circumference. Residual variability effects, 
which were purely environmental here, decreased with age. 
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Figure 3: Clone, clone × replicate interactions and residual coefficients of variation trends in line with age for height, circumference and 
volume of Eucalyptus clones at 60 months old
Trait
Genetic correlation (ρG) / Environmental correlation (ρe) Phenotypic correlation (ρP)
Ht C Vol Ext Lignin S/G Ht C Vol Ext Lignin S/G
Ht 0.68 0.83 0.22 −0.28 −0.09 0.45 0.58 0.17 −0.23 −0.08
C 0.90 0.97 0.28 −0.11 −0.11 0.60 0.18 −0.07 −0.08
Vol 0.91 0.97 0.22 −0.19 −0.08 0.16 −0.14 −0.06
Ext 0.06 0.13 0.09 −0.27 −0.13 −0.23 −0.11
Lignin 0.33 0.41 0.40 0.26 −0.54 −0.51
S/G −0.16 −0.15 −0.20 0.11 −0.73
Table 3: Genetic (above diagonal), environmental (below diagonal) and phenotypic correlations between traits for Eucalyptus clones at 
60 months old. Ht = height, C = circumference, Vol = bole volume, Lignin = lignin content, S/G = syringyl/guaiacyl ratio, Ext = total extractives
Trait
% ∆G
Direct selection Indirect selection for height
Indirect selection
for circumference
Indirect selection
 for volume
T (%) 2 10 20 2 10 20 2 10 20 2 10 20
i 2.421 1.755 1.4 2.421 1.755 1.4 2.421 1.755 1.4 2.421 1.755 1.4
Ht 26 19 15 23 16 13 15 11 8 17.9 12.95 10.3
C 21 15 12 15 11 9 16 12 9 17.2 12.44 9.93
Vol 62 45 36 47 34 27 43 31 25 48.5 35.18 28.1
Lignin 9 6 5 −0.20 −0.20 −0.10 −0.80 −0.60 −0.50 −0.40 −0.30 −0.20
Ext 42 31 24 6 4 3 6 4.01 3.20 5.14 3.72 2.97
S/G 38 27 16 -7 -5 -4 −1 −0.90 −0.70 −2 −1 −1
Table 4: Genetic gain expected by direct and indirect selection for Eucalyptus clones at 60 months old. T = selection rate, i = selection 
intensity, Ht = height, C = circumference, Vol = bole volume, Lignin = lignin content, S/G = syringyl/guaiacyl ratio, Ext = total extractives, %∆G 
= genetic gain as a percentage
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We conclude that the experimental conditions were good, 
leading to a reduction in the residual effect.    
The coefficients of variation for predicted wood chemical 
properties were lower than those observed for growth 
traits. We noted greater stability of chemical properties 
compared with growth traits. This stability indicated less 
influence of the environment on these properties. The 
same conclusions were reported by Yu et al. (2001) for a 
poplar clone, Stackpole et al. (2011) for E. globulus, and 
Hein et al. (2012) for E. grandis. Among chemical traits, the 
lignin content displayed the lowest coefficient of variation, 
suggesting greater stability of this property compared to 
the others. Similar results were found in Eucalyptus spp. by 
Tolfo et al. (2005), in E. grandis by Hein et al. (2012), and in 
white poplar by Du et al. (2014) and Ma et al. (2015).
Correlations between traits
The strong link between height and circumference was 
observed as excepted (Bouvet at al. 2009a, 2009b). The 
origin of this link was pleiotropic; the same genes control 
both traits. Likewise, the strong environmental correlation 
demonstrated that a favourable environment for growth 
is beneficial to both growth forms, primary (height) and 
secondary (circumference). 
The lignin content and S/G ratio were negatively and 
significantly correlated. The high lignin content induced a 
high guaiacyl content and a low syringyl content. This result 
corroborates the observations of Lepoittevin et al. (2011) in 
Pinus pinaster and by Hein et al. (2012) in E. grandis. This 
maybe be explained by the higher lignin concentration in the 
middle lamella, where the guaiacyl content was greatest.
The genetic and phenotypic correlations between growth 
traits and lignin or the S/G ratio were negative and weak. 
Faster-growing trees had less lignin than more slowly 
growing trees. Trugilho et al. (2001), Kirst et al. 2004, Tolfo 
et al. (2005), Sykes et al. (2006), Novaes et al. (2009), 
as well as Stackpole et al. (2011) and Lepoittevin et al. 
(2011), reported similar results. The negative correlation 
between growth and lignin content is explained by Novaes 
et al. (2010) as a competition for carbon allocation to 
lignin versus carbon allocation to cellulosics (cellulose and 
hemicelluloses) because these two classes of molecules 
are the major carbon sinks in the formation of the wood cell 
wall (Higuchi 1997). However, clones with better growth had 
a weak S/G ratio, hence a larger guaiacyl content.
The environmental correlation between growth and lignin 
was significant, positive and weak. Therefore, this result 
suggests that an environment that is conducive to growth 
will support a weak increase in lignin content. Rapid growth 
also supports the presence of an increased extractives 
content in the tree. The large proportion of heartwood 
when the circumference is large may explain this relation 
(Mandrou et al. 2012).
Genetic gain
Lignin selection gave a weak gain, whereas selection for 
the extractives content and the S/G ratio gave considerable 
gains. In practice, direct selection for chemical properties 
is not often carried out. Such selection is generally related 
to growth properties, particularly tree volume. It is therefore 
important to know, through indirect selection, how the 
improvement of growth traits affects wood chemical 
properties. Our results suggest that growth trait improve-
ment would involve a very slight drop in lignin content. 
The genetic improvement of growth does not contribute to 
increasing the lignin content of E. urophylla × E. grandis 
clone wood. Such improvement based on the selection of 
growth traits also involved a decrease in syringyl content 
and a slight increase in the extractives content, whose 
gains are undesirable for the paper industry, because 
guaiacyl lignin monomers complicate the delignification 
process (Alves et al. 2011). Our study showed that genetic 
progress obtained for chemical properties when selecting 
for growth traits was weak. This result suggests that the 
selection process in the eucalypt improvement programme 
in the Congo probably does not have any major effects on 
lignin content and the S/G ratio. As in hybrid poplar clones 
(Zhang et al. 2003), our results suggested that selection 
for growth traits will not result in a significant reduction in 
wood-quality traits. Studies involving transgenic poplars 
and radiata pines suggest that the capacity for lignin 
reduction is limited: lignin content reduction by less than 
10% does not appreciably change tree growth characteris-
tics, whereas reductions in lignin content by about 20% can 
dramatically affect productivity (Pilate et al. 2002; Leplé et 
al. 2007; Wagner et al. 2009; Voelker et al. 2010).
Although Gion et al. (2000) reported a correlation 
between the growth Quantitative Trait Loci (QTL) and 
wood-quality QTL (including lignin), the weak correlations 
observed between growth and lignin content suggested a 
weak pleiotropic effect between them (Du et al. 2014).
Considering our results, it would be possible to 
independently select very productive clones and those 
presenting a low lignin content (a favourable trait for the 
paper maker), or a high lignin content (a favourable trait 
for a charcoal maker). However, selection needs to be 
carried out in a large population as, in our sample, the 
lignin content exhibited a weak coefficient of variation. 
It will therefore be necessary to have many parents and 
progenies per family in order to maximise the potential 
genetic gain. Despite the small variation in lignin content, 
this chemical character displays strong genetic control, 
suggesting parental selection.
Conclusion
This study was based on the joint variability of growth traits 
and wood chemical properties in E. urophylla × E. grandis 
clones, the most promising planting material currently 
used in the Congo for pulp wood production. Our results 
showed that the variability in wood chemical properties was 
weaker than for growth traits. The environment had a weak 
influence on wood chemical properties, resulting in strong 
genetic control of those traits. Selection for growth traits 
led to a slight decrease in lignin content. Ortet selection 
probably had only a limited effect, and even no effect on 
lignin quantity. The genetic improvement programme for 
Eucalyptus in the Congo focusing on growth traits does not 
jeopardise wood quality properties. In future work, other 
species, such as E. globulus crossed with E. urophylla, 
could also be surveyed for the creation of hybrids with a 
lower lignin content. 
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